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The slow intravenous injection of a 5 or 
10 per  cent solution of Metrazol (pentylene- 
tetrazol) has been widely accepted as a means 
to induce either eleetroencephalographie sei- 
zure discharges or overt clinical seizures in 
pat ients  suspected of having a convulsive dis- 
order. 
The method of est imating the "convuls ive  
th resho ld"  of pat ients  was originally sug- 
gested by Ziskind et al. (1947) and a similar 
method was advanced by Cure, Rasmussen, 
and Jaspe r  (1949). Gastaut  added in 1950 
intermit tent  photie s t imulat ion of the retina, 
at the t ime of Metrazol administrat ion,  to the 
procedure and was able to demonstrate  a fur-  
ther lowering of the Metrazol thresholds in 
certain patients.  The initial hope that  only 
epileptic pat ients  would be act ivated by rela- 
t ively low doses of the drug  was, however, not 
borne out, since it was a l ready evident f rom 
Ziskind 's  data  that  a considerable overlap be- 
tween diagnostic groups exists. Gastaut  stated 
that  "photo-Metrazol  st inmlation of the brain  
is not an electroencephalographie method for 
the diagnosis of ep i lepsy" ,  but  he felt tha t  " i t  
is a clinical neurophysiologieal  test which pro- 
vides a method for the explorat ion of certain 
sub-cortical s t ructures  among which the most 
impor tan t  are those of the diencephalon and 
most especially of the tha lamus" .  He  ob- 
served that  three d i f ferent  groups of pat ients  
tended to have low thresholds. These were:  
(1) the group of idiopathic epileptic pat ients ;  
(2) the schizophrenic pat ients ;  and (3) pa- 
t ients with hysteria.  
I This project was in part supported by United 
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Fur the r  studies revealed that  Metrazol 
produced changes not only in pat ients  with 
neuropsychiatr ie  disorders, but  also in a cer- 
ta in percentage of normal  control subjects. 
The largest series repor ted in the l i terature  
is that  of Buchthal  and Lennox (1953), who 
investigated 682 Air  Force applicants.  These 
authors observed that  in 64 per  cent of this 
group no E E G  changes resulted f rom Metra- 
zol administrat ion,  while in 22.4 per cent 
definite paroxysms were induced, and in 18 
subjects g rand  real seizures were noted dur- 
ing the procedure. The maximum dose any 
subject received was 350 mg. When the sub- 
jects were separated on the basis of individual  
evidence suggesting "neurologica l  involve- 
m e n t " ,  it became apparen t  tha t  53 per  cent 
of the neurologically involved subjects and 
]5 per  cent of the non-involved group showed 
positive results. The authors felt  that  their  
results confirmed the diagnostic value of Me- 
trazol injection in epilepsy. 
The second largest  series of normal subjects 
was repor ted by Moore, Kellaway,  and Ka- 
gawa (1954). One hundred  and twenty sub- 
jects were tested " w h o  met strict criteria of 
n o r m a l i t y "  and it was found that  35 per  cent 
of these showed definitely positive results. 
The maximmn dose any  subject received was 
500 mg. The authors did not f ind any  corre- 
lation between body weight and Metrazol 
threshold, but  did observe that  individuals be- 
low the age of 30 were more apt  to have pos- 
itive reactions. The authors concluded that  
even a spike-wave response cannot reasonably 
be considered evidence of a convulsive dis- 
order. 
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Kershman  repor ted  in 1951 on a somewhat 
smaller series of normal  controls. He  in- 
vestigated 31 normal  college students by 
means of photic st imulation and Metrazol in- 
jection, and found that  the average threshold 
was 4.2 mg/kg . ,  not 8.0 mg/kg ,  as suggested 
by Gastaut.  This threshold was in fact  lower 
than the threshold observed in schizophrenic 
or psychoneurotic  patients.  Fuglsang-Fre-  
dricksen (1952), using Metrazol alone and 
taking 350 rag. as the cut-off  point, observed 
paroxysmal  discharges in only 1 of 63 normal  
subjects;  8 of these subjects had paroxysms 
when the dose was increased to a maximum 
of 500 rag. (23 of the 63 subjects received 
500 rag. and 40 received 350 rag. ). 
The most recent repor t  is that  published in 
1957 by Baker,  Klass, and Walter ,  who gave 
Metrazol to 51 Air  Force volunteers, unti l  
either spike-wave discharges appeared  in the 
E E G  or 1,000 mg. had been given. These dis- 
charges were obtained in 43 subjects with an 
average amount  of 475 rag., or if related to 
body weight, 6.9 rag. per  kilogram. The range 
of dosages that  produced discharges was f rom 
180 rag. to 900 rag. of Metrazol, or 2.5 to 
11.8 rag. per  kilogram. The authors concluded 
that  since spike-wave discharges and other 
paroxysmal  discharges occur regular ly  in 
normal  subjects, it seems unwar ran ted  to set 
an a rb i t r a ry  level to distinguish " n o r m a l "  
f rom "abnormal", or non-epileptic f rom 
epileptic. 
I t  is evident f rom the foregoing that  there 
exists a fa i r  amount  of discrepancy in ob- 
jective f indings as well as in the in terpre ta-  
tion of the f indings by individual  authors. Al- 
though considerable a t tent ion has been paid 
to the E E G  changes tha t  occur durina'  Metra- 
zo] adnfinistration, relat ively little informa- 
tion has appeared  in the l i tera ture  about the 
subjective symptoms which pat ients  or sub- 
jeers may  notice as a result  of the drua'. Clin- 
ical experiences with the Metrazol test, either 
in conjunction with photic-st inmlation or 
when the drug  was given alone, showed that  
there is a considerable difference between pa- 
tients in the amount  of snbjective discomfort  
induced by the procedure.  This reaction is 
larR'ely unrelated to any  changes in the E E G  
and is also only in pa r t  related to the total  
dose, a l though in general the amount  of dis- 
comfort  increases with the quant i ty  of medica- 
tion given. Some patients,  however, observe a 
profound subjective reaction consisting of 
"d izz iness"  (which may  be subjective or ob- 
jective vertigo, light headedness, or a sensation 
of impending loss of consciousness) profound 
tension, and anxiety  with only 50 rag., while 
other pat ients  may  not experience any  marked 
changes up to 400 or 500 rag. levels. The types 
of symptoms which are induced are likewise 
(tuite variable and may  range f rom simple 
muscle tension and muscular  twitehings. 
without anxiety,  to profound vertigo, panic. 
sensations, changes in body image, or hallucin- 
a tory  experiences. 
Since it was apparen t  f rom the l i terature  
and the personal experience of this author  
that  some normal  control subjects may re- 
spond to Metrazol in a way that  might  be 
regarded as pathological, it was of interest to 
investigate whether these "normal'; indi- 
viduals differed f rom the rest of the sampled 
normal populat ion in any  other way. 
MATERIAL AND :~IETHO])S 
Fo r ty  normal  control subjects were in- 
vest igated;  the major i ty  (37) were students at 
the Univers i ty  of Michigan. There were 12 
women and 28 men, ranging  in age f rom 19 to 
32 years. The subjects volunteered for the 
examination,  and as an incentive they received 
a f inancial  reward.  They were informed that  
the purpose of the investigation was to find 
any  possible correlation between an indi- 
v idual ' s  personal i ty  structure,  past  history, 
and the electric potentials  of his brain dur ing 
rest and while under  the influence of a drug. 
The volunteers were not informed about the 
type of .drug they were to reeeiw,, but were 
told that  they might or might not experience a 
var ie ty  of snbjective reactions. They were 
encouraged to express f reely their  symptoms 
dur ing drug administrat ion,  howew,r foolish 
a symptom mio'ht appear  to them at the time 
when they were experiencing it. No a t tempt  
was made to screen subjects for the absence of 
neuroloo'ic or psychiatr ic  disorders, but every 
a t tempt  was made to o'et a eomph,te and re- 
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liable medical history, with the help of a 
specially designed questionnaire. Major  em- 
phasis was placed on fami ly  his tory of nervous 
breakdown or epilepsy and personal history 
concerning birth,  febrile convulsions, the oc- 
currence of temper  t an t rums  or a problem 
with bed-wett ing in childhood, serious head 
injuries or major  illnesses, recur ren t  identical 
Hig'htmarcs, sleep-walking, and fa in t ing  spells. 
The subjects were also asked, on the same 
questionnaire, to answer with yes or no 
whether  they felt  that  they were becoming 
aaxious relat ively easily and whether  they had 
" c o , s i d e r e d  seeing a psychiatr is t  for a per- 
soual problcm you may  have had or still have ". 
l~i,~lly they were asked to encircle one or 
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tion of Metrazol in t ravenously  at the rate of 
50 rag. per  rain. unti l  either marked E E G  
changes developed or the subject was so un- 
comfortable that  fu r the r  adminis t ra t ion was 
not feasible. Each 50 mg. dose was given 
rapidly.  Ini t ia l ly  1,000 rag. was the amount  
available in the syringe. However,  no subject 
received more than 650 mg. for the above men- 
tioned reasons. Af te r  6 subjects had been 
tested, with a grand mal seizure occurring in 
one at a Metrazol level of 550 mg., an arbi- 
t r a r y  limit of 500 mg. was set for the total  
dose. A syringe containing 250 mg. of amyta l  
was kept  in readiness to prevent  the occur- 
rence of seizures. I t  was administered when 
spike-waw, discharges occurred or in eases 
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more of the following adjectives which seemed 
to f i t  their  personal i ty  s t ructure  best:  quiet, 
reserved, shy, outgoing, nervous, tense, high- 
strung,  calm, easygoing, ou twardly  calm but 
with inner turmoil,  happy,  easily f rus t ra ted ,  
depressed. 
The procedure  of investigation was as 
follows: the volunteer  was tested psycholog- 
ically for  a period of one full  day  and an 
addit ional  forenoon with a ba t te ry  of different  
tests. On the af ternoon of the second day a 
45. rain. s tandard  routine E E G  recording was 
obtained, including a 3 min. period of hyper-  
venti lat ion followed by in termi t tent  photic- 
s t imulation with flash rates va ry ing  between 
one and 30 per  sec. Af t e r  these pre l iminary  
studies, the subject  received a 5 per  cent so]u- 
of considerable subjective discomfort.  Photie 
st imulation at  a rate of 15 flashes per  sec. 
was carr ied out in termi t ten t ly  f rom a Me- 
trazol level of 100 mg. on. E E G  recording 
was continued for  10 rain. a f te r  the total  
amount  of d rug  had been given. The subject 
was then questioned about the symptoms he 
had experienced dur ing d r u g  administrat ion,  
and it was af ter  this interview that  he was 
asked to fill in the previously mentioned ques- 
tionnaire. He was requested specifically to be 
as f rank,  detailed, and honest as possible, since 
inadequate or incorrect s tatement  would de- 
feat  the purpose of the experiment.  The re- 
sults of the questionnaire were then gone over 
with the individual  in order to clar ify pos- 
sibly ambiguous answers. Final ly,  a neurol- 
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ogieal examinat ion was per formed and the 
volunteer was then dismissed. 
011 the following day  an essentially similar 
questionnaire regarding bir th and early ehihl- 
hood was sent to the parents ,  with the sub- 
je~'t's consent, in the hope that  more back- 
same s~,ale was applied to the hypervent i la t ion 
r e s p o n s e .  
The Metrazol responses were likewise 
graded on a 4-point scale. The objective re- 
sponse was regarded as grade 1 when no 
E E G  changes or only slight scattered theta 
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ground informat ion would thus become avail- 
able. 
The E E G ' s  were reeorded on a Grass 
5Iodel I I I - D  Eleetroeneephalograph.  Sixteen 
electrodes were employed in both mono-polar 
and bi-polar eonneetions. A Grass Model PS 
activi ty had occurred;  2, when definite scat- 
tered theta aet ivi ty made its appearance ;  3, 
when either high voltage diffuse paroxysms 
appeared  (fig. 1) or when 5 to 7 e/see, became 
the dominant  f requency for at least 4 to 5 see. 
at a time (fig. 2) ; and 4, when atypieal  spike- 
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1 s t imulator  was used for photie stimulation, 
on intensi ty-set t ing 4 (approximate ly  375,000 
candle power) .  
The rest ing E E G ' s  were ra ted on a 4-point 
scale: 1 meaning normal,  2 borderline, 3 
mildly abnormal,  4 definitely abnormal.  The 
wave diseharges (fig. 3) or grand real con- 
vulsions occurred. The subjective response 
was regarded as grade 1 when the subject ex- 
perienced some muscular  tension, twitching of 
eyelids, nervousness, pain  at the injection site 
or " a  funny  smell" .  A grade 2 response was 
METRAZOL TOLERANCE OF NORMAL "VOLUNTEERS 437 
the subject ' s  complaint  of dizziness which was 
either light headedness or a moderate  spinning 
sensation, a slight rocking feeling, some numb- 
ness in the a rm in which the injection was 
made, or some nausea. A response was graded 
as 3 when nmrked whirl ing occurred or a 
sensation of floating, mental  haziness, numb- 
ness (not restr icted to the a rm of injection) 
or a sensation of impending loss of conscious- 
hess. A grade 4 response consisted of a sense 
of mental  confusion, subjective inabili ty to 
move, crude visual or audi tory  hallucinations, 
a change in body image, or inabil i ty to com- 
plete the test for other subjective reasons. 
METRAZOL TOLERANCE vs. SYMPTOMS INDEX 
15- 
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The total dose of Metrazol which each sub- 
ject had received was converted into rag. per  
kg'. of body weight, and this value was called 
"Met razo l  to lerance" .  The data were then 
subjected to statistical analysis for determina-  
tion of significant correlations between the 
di f ferent  variables. 
RESULTS 
Only the results in relation to E E G  find- 
ing's, past  history, and self-appraisal  will be 
presented here. The results of psychological 
testing and their  correlation with the Metrazol 
responses will be published separately.  
Table f shows the results of the investiga- 
tion in regard to resting EEG,  hypervent i la-  
tion response, and objective and subjective 
Metrazol responses. The abnormali t ies in the 
resting E E G  consisted mainly  of uni lateral  or 
shif t ing bilateral  temporal  sharp theta dis- 
TABLE I 
Rest. H V Obj. Subj. 
EEG Met. Met. 
% ~/~, ~,~ % 
Responses 1 42.5 72.5 22.5 7.5 
Responses 2 32.5 15.0 ]5.0 20.[) 
Responses 3 22.5 12.5 37.5 52.5 
Responses 4 2.5 .0 25.1J 21).l) 
charges ; the one subject with a grade 4 record 
showed long periods of 5 to 6 c/see, activity 
as the dominant  f requency which was not at- 
t r ibutable  to drowsiness. Since no seizure pat-  
terns occurred dur ing hypervent i la t ion and 
the build-up induced by the overbreathing 
never persisted longer than  one minute af ter  
cessation of deep breathing,  no response was 
graded as 4. Two of the subjects with a grade 
4 objective Metrazol response had a grand 
real seizure. One seizure occurred at a Me- 
trazol level of 550 rag. in spite of amyta l  ad- 
ministrat ion dur ing the pre-seizure build-up. 
The other seizure occurred at a level of 
250 rag. The two seizures were very similar 
clinically and electroencephalog'raphically. 
There were no focal features. The head was 
TABLE I I  
DISTRIBUTION OF SUBJECTIVE VERSUS 
OBJECTIVE RESPONSES 
Subjective 1 2 3 4 Total 
Obj ective 
1 0 3 3 3 9 
2 ] 2 ( l - f )  3 ( l - f )  0 6(2-f) 
3 1 3 ( l - f )  7(4-f) 4(2-f) ]5(7-f)  
4 l (1- f )  0 8 ( l - f )  l (1-f )  10(3-f) 
Total 3( l - f )  8(2-f) 21(6-f) 8(3-f) 40(12-f) 
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kept in the midline and the mouth remained 
open even dur ing the clonic phase of the 
seizure. Post-ictal ly there was profound 
memory  loss and disorientation as to t ime and 
place. This d isappeared within a period of an 
hour. The subjects were not aware that  they 
had had a seizure but  assumed that  they had 
just  "pa s sed  o u t "  momentar i ly .  
Table I I  shows the distr ibution of the sub- 
jective and objeetive responses. The figures 
in brackets indicate the nmnber  of female sub- 
jects. The type and f requency of subjective 
reaction can be seen in table I I I .  The " f m m y  
T A B L E  I I I  
T Y P E  O F  S Y M P T O M S  W H I C H  O C C U R R E D  I N  
~ f O R E  T H A N  O N E  S U B J E C T  D U R I N G  
: V I E T R A Z O L  A D M I N I S T R A T I O N  
F u n n y  smel l  ................................................................................................ 23 
D i z z y  s e n s a t i o n  .......................................................................................... 18 
P a i n  in  a r m  ................................................................................................ 14 
( s i t e  o f  i n j e c t i o n  or  u p  to s h o u l d e r )  
N u m b  a r m  ( s ide  of  i n j e c t i o n )  ................................................ 14: 
l~Iuseular  t e n s i o n  .................................................................................... 14: 
M u s c u l a r  t w i t c h i n g  .............................................................................. 11 
A n x i e t y  ............................................................................................................ 11 
S p i n n i n g  s e n s a t i o n  .............................................................................. 10 
R o c k i n g  s e n s a t i o n  .............................................................................. 8 
F l o a t i n g  s e n s a t i o n  .............................................................................. 7 
I m p e n d i n g  b l a c k o u t  s e n s a t i o n  ................................................ 6 
N u m b  in  m o r e  t h a n  one e x t r e m i t y  .................................... 5 
N a u s e a  ............................................................................................................... 4~ 
F a l l i n g  s e n s a t i o n  .................................................................................... 4 
O u t  of  c o n t a c t  f e e l i n g  .................................................................. 4 
S u b j e c t i v e  p a r a l y s i s  ........................................................................... 4 
E x p e r i m e n t e r s  vo ice  f a d i n g  ...................................................... 3 
L i g h t  h e a d e d n e s s  .................................................................................... 3 
P u l s a t i o n s  in  h e a d  .............................................................................. 2 
N u m b n e s s  in  h e a d  .............................................................................. 2 
A r m  b i g g e r  in  size .............................................................................. 2 
B o d y  d i s p r o p o r t i o n a t e  ........................................................................ 2 
D i f f i c u l t y  in  s p e a k i n g  .................................................................. 2 
smel l "  which subjects noted was quite variable 
and was described as d i f ferent ly  as: sweet, 
nmsty,  foul, oily, burn t  vaseline, perfume,  
vanilla, burn ing  butterscotch, black-walnut 
flavor, and the like. The following symptoms 
are not listed in the table because each oc- 
curred  only onee among all 40 pat ients :  a 
pressure sensation in the head, a dead feeling 
in the head, a pr ickly  sensation in the head, 
dryness of the mouth, sweatiness of the hands, 
pounding of the heart ,  fear  of losing control, 
absence of bodily perceptions, drowsiness, in- 
abili ty to think, shaky feeling, a sensation as 
if the various par ts  of the body were discon- 
nected, a sense of confusion, a visual hallu- 
cination of a blue cloud, an audi tory  hallu- 
cination of the crying sound of a baby doll, a 
sensation of happiness, a sensation of being 
carefree, and a calm feeling. I t  should be 
pointed out that  some of the mentioned symp- 
toms may have occurred more often, but care 
was taken in the interview not to ask any 
leading questions which might have added an 
element of suggestion. The individual  was 
merely asked to recount as accurately  as pos- 
sible the types of sensations which he had ex- 
perienced. In  the following paragraphs ,  
examples are given of the various subjecti~,e 
responses which occurred. 
The repor t  of subject No. 37 can be taken 
as an example of a No. 2 response. The total 
dose of Metrazol administered was 650 rag. 
(8.6 mg/kg . ) .  The subject experienced muscle 
tension, some anxiety, and " w o r r y  about what 
was going to h a p p e n " ,  some dizziness which 
was not true vertigo but ra ther  a " swimming  
sensation in the head" ,  a pulsat ing sensation 
in the head and in the body, a d ry  feeling in 
the mouth, and pain in the left a rm and 
shoulder (the a rm used for injection).  There 
was no change in the EEG.  
Subject  No. 13 showed a spike-wave re- 
sponse objectively;  the subjective response 
quoted in the following" p a r a g r a p h  was re- 
garded as 3. The subject thought  that  the ex- 
perience was fr ightening,  " y o u  d idn ' t  like 
what  was happening'  to you but you d idn ' t  
want  to do anyth ing  about i t " .  " I  don ' t  like 
situations where I ' m  not in control of i t " .  
She noted a numbness in her left shoulder 
" l ike  having no feeling', as if it was asleep, 
then the r ight  one got the same w a y " .  Then 
she "became conscious of a nmnbness around 
the wais t" ,  then " I  got more scared than I ' v e  
ever been in my life, so scared, really scared. 
This kept building up. Then I thought  this 
is ridiculous and then it was all right. Then 
you s tar ted gett ing peaceful and d idn ' t  care 
anymore.  I d idn ' t  feel at all in control of 
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myself just before I opened my eyes"  (the 
subject was ordered to open her eyes at the 
moment the spike-wave burst occurred).  The 
subject had received a total amount of 250 rag. 
of Metrazol (4.5 m g / k g . ) ;  no amytal  was 
given in this part icular  case. 
The response in subject No. 18 was graded 
as 4. Af ter  the first 50 mg. had been given, 
the patient experienced a dizzy sensation, a 
feeling as if he were suspended in space. His 
head felt l ight;  he felt " so r t  of dead ill the 
head".  He had a sensation of rocking up and 
down and from side to side. This then de- 
veloped into vertigo. He felt as if he were 
going in a counter-clockwise direction. He 
noticed perspiration in feet and legs and for 
a while it seemed " a s  if my body and my 
head were separate from each other" .  He 
then noted a sensation of "going'  up in a 
spiral, spinning like", and the speed of spinn- 
ing increased as the Metrazol dose was stepped 
up. Photie stimulation during the Metrazol 
test produced a sensation as if the light were 
steadily getting brighter and emitting waves. 
At one time he felt as if he were in a strange 
place, then as if he were rocking around ill 
a boat. IIowever, at all times, his emotional 
attitude was one of being "ca re f r ee" ,  " f e l t  
that  I had no w or ry" ,  and he stated that al- 
though he may have become slightly anxious 
during the spinning sensation, this was hardly 
noticeable. No nmscle tension was induced. 
He had also noticed at one time a numbness 
involving' mostly the left arm (site of injec- 
tion), a sensation as if some parts  of his body 
were not connected with each other, and espe- 
eially an absence of physical sensations from 
his head, as if the head were not par t  of his 
body. The total amount given in this instanee 
was 500 rag. (5.2 mg/kg. )  and there was no 
change in the EEG. 
Computation of the mean Metrazol tol- 
eranee for all subjects gave a value of 5.5 
mg/kg.  The mean threshold of the subjects in 
whom drug adnfinistration was stopped be- 
cause of spike-wave responses, was 4.0 mg/kg.  
The extremes for spike-wave occurrence were 
1.9 mg/kg.  (150 rag.) and 6.7 mg/kg.  (550 
rag.). In  3 instances spike-wave responses 
were triggered by photic stimulation. In the 
other 7 they occurred independently of photic 
stimulation. The mean tolerance value for the 
subjects in whom the drug was arbitrari ly 
stopped at 500 mg. was 7.3 mg/kg,  with ex- 
tremes ranging between 6.1 mg/kg,  and 8.9 
mg/kg.  
The neurological examination was negative 
in all subjects, but 8 subjects had a positive 
history for physical difficulties. These in- 
eluded "mi ld  concussion" in 3, prematuri ty,  
breech birth, prolonged blueness at birth and 
severe colitis in infancy, severe measles asso- 
elated with left facial palsy, being "kno,3ked 
unconscious while p l a y i n g "  ill childhood. 
TABLE IV 
FREQUENCY OF SYMPTOMS BY HISTORY 
Psychiatric help considered .......................................... 17 
Sleep walking ........................................................................ 11 
Nightmares .................................................................................... ] 0 
Bed wetting ............................................................................. 9 
Family history positive .............................................. 7 q-3 * 
Fainting ....................................................................................... 7 
Tantrums ................................................................................... 6 q- 2 ~ 
No symptoms .......................................................................... 8 
See text for -t- 3 and + 2 figures. 
Table IV shows the frequency of symptoms 
and positive family history in the total group. 
This par t  of the historical information was 
treated statistically, but information on the 
physical difficulties mentioned above was not 
so treated, because such difficulties occurred 
only in isolated instances and all of these sub- 
jeers had in addition given positive answers to 
at least one of the symptoms described in 
table IV. When the numbers of positive ail- 
swers of the type presented in table IV were 
added, a " s y m p t o m  index"  was arrived at for 
any given individual. I f  the statements from 
the parents '  questionnaire agreed with the 
subject 's questionnaire, a numerical value of 1 
was assigned to each positive answer; if they 
disagreed a numerical value of 0.5 was as- 
signed to the symptom in question. For  ex- 
ample, a subject might indicate a family his- 
tory positive for nervous breakdown while the 
question was not answered on the otherwise 
complete parental  questionnaire, or the sub- 
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whi le  the  p a r e n t a l  q u e s t i o n n a i r e  i n d i c a t e d  
t h a t  t h e r e  h a d  been a p r o b l e m  in  th is  respect .  
This  is shown in t ab le  I V  as the  + 3  a n d  + 2  
f igures .  I n  genera l ,  however ,  the re  was re-  
m a r k a b l e  a g r e e m e n t  be tween  the s u b j e c t s '  a n d  
the p a r e n t s '  s t a t emen t s .  The  m a x i m u m  
n m n b e r  of pos i t ive  answer s  for  a g iven  sub j ec t  
was 5. W h e n  th is  s y m p t o m - i n d e x  was p l o t t e d  
a g a i n s t  Me t r azo l  to le rance ,  i t  became a p p a r e n t  
t h a t  a s t r i k i n g  co r r e l a t i on  exis ted.  The  lower  
walk ing ,  bed-we t t ing ,  f a i n t i n g ,  t e m p e r  t an-  
t rums ,  anx ious  easi ly ,  ou tgo ing ,  h a p p y ,  ner-  
vous, h igh - s t rung ,  a n d  o u t w a r d l y  eahn wi th  
i n n e r  tu rmoi l .  The co r r e l a t i on  m a t r i x  is given 
in tab le  V. The u n d e r l i n e d  n u m b e r s  a re  s ta-  
t i s t i c a l l y  s i g n i f i c a n t  a t  the  5 p e r  cent  level.  
Tables  V I  a n d  V I I  give a s u m m a r y  of the  sta- 
t i s t i c a l l y  s i g n i f i c a n t  pos i t ive  a n d  nega t ive  cor- 
re la t ions .  A n  e xa mple  of pos i t ive  co r r e l a t i on  
would  be tha t  sub jec t s  h a v i n g  an  a b n o r m a l  
TABLE VI 
POSITIVE CORRELATIONS SIGNIFICANT AT 5 PER CENT LEVEL 
n _ 
Resting EEG ..................................................................................................... ]IV response, objective Metrazol response, tantrums 
]IV response ........................................................................................................... Objective Metrazol response 
Objective Metrazol response .................................................................. Resting EEG, HV response 
Subjective Metrazol response ......................................................... Family history, outwardly calm with inner turmoil 
Psychiatric treatment considered ................................................ Symptom index, tantrums, nervous, outwardly calm 
with inner turmoil 
Family history positive ........................................................................... Subjective Metrazol response, symptom index 
Nightmares ........................................................................................................... Symptom index, anxious easily, female sex 
Sleep walking ...................................................................................................... Bedwetting, symptom index 
Tantrums .................................................................................................................. Male sex, outgoing 
Outwardly eahn with inner turmoil ............................................. Subjective Metrazol response, psychiatric treatment 
considered, nervous 
the  d r u g  to le ranee ,  the  h ighe r  the  s y m p t o m  
index  t e n d e d  to be (f ig .  4) .  
A l l  of the  fo l lowing  v a r i a b l e s  were  then  
c o r r e l a t e d  a g a i n s t  each o the r  on the  I B M  650 
c o m p u t e r :  sex, r e s t i n g  E E G ,  h y p e r v e n t i l a t i o n  
response ,  M e t r a z o l  to le rance ,  ob jec t ive  a n d  
sub j ec t i ve  Me t r azo l  response ,  s y m p t o m  index ,  
w h e t h e r  p s y c h i a t r i c  t r e a t m e n t  h a d  been con- 
s idered ,  f a m i l y  h i s to ry ,  n i g h t m a r e s ,  sleep- 
r e s t i ng  E E G  t e n d e d  to have in th is  ser ies  an 
a b n o r m a l  h y p e r v e n t i l a t i o n  response ,  an ab- 
n o r m a l  ob jee t ive  Met razo l  response ,  a n d  a his- 
t o r y  of t e m p e r  t a n t r u m s .  A n  example  of neg- 
a t ive  co r r e l a t i on  would  be the  obse rva t ion  t ha t  
sub jee t s  w i th  a h igh  Met razo l  t o l e rance  t ended  
to have  a low r a t i n g  of t he i r  r e s t i ng  E E G ' s ,  a 
low r a t i n g  of the  ob jec t ive  a n d  sub jee t ive  Me- 
t razol  responses ,  t h e y  d id  not  des i re  to see a 
TABLE VII 
NEGATIVE CORRELATIONS SIGNIFICANT AT THE 5 PER CENT LEVEl_ 
Metrazol tolerance .......................................................................................... Resting EEG, objective Metrazol 
response, subjective Metrazol 
response, psychiatric treatment 
considered, fainting, tantrums, 
symptom index 
HV response ............................................................................................................ Anxious easily 
Objective Metrazol response .................................................................. Anxious easily 
Psychiatric treatment considered ...................................................... Metrazol tolerance 
Family history positive .............................................................................. Happy 
Fainting ..................................................................................................................... Metrazol tolerance 
Happy .......................................................................................................................... Anxious easily, family history positive 
Nervous ........................................................................................................................ t tappy 
Outwardly calm with inner turmoil ............................................... Happy 
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psychiatrist ,  did not have fa in t ing  spells or 
t emper  tan t rums,  and had a low symptom- 
index. 
DISCUSSION 
The findings obtained in this investigation 
amply  suppor t  the s tatements  of other authors 
about the occurrence of spike-wave responses 
at  relat ively low drug  levels in some normal  
subjects. The di f ferent  percentages of occur- 
rence of paroxysmal  or spike-wave responses 
in normal  control groups are not large enoug'h 
that  they could not be accounted for by the 
differences in the total  dose used as a rb i t r a ry  
cut-off  point  and the rate  of administrat ion.  
The dif f icul ty  in selecting any  par t icular  
E E G  sign as end point  and thus as the "con- 
vulsive th resho ld"  was pointed out in a repor t  
by Ulett  et al. (1955). 
The present  s tudy  reveals some new find- 
ings, however, which are wor thy  of comment. 
The fact  that  the d rug  tolerance in mg. per  
kg. of body weight correlated significantly 
with the condition of the rest ing EEG,  hyper-  
venti lat ion response, and the amount  of pos- 
itive historical informat ion regarding  the 
presence of some neuropsyehiatr ic  symptoms, 
indicates that  Metrazol tolerance is indeed a 
useful measurement.  I t s  correlation with both 
the objective and subjective response to Me- 
trazol is of course to be expected, by definition. 
The f inding that  it also correlated with an 
individual ' s  interest  in obtaining psychiatr ic  
help indicates tha t  this factor  has to be con- 
sidered in evaluat ing a " n o r m a l "  population. 
I t  appears  likely that  some of the subjects may 
actual ly at some date visit a psychiatr is t  and 
thus cross the bridge between being regarded 
as a " n o r m a l  con t ro l "  and as a " p a t i e n t " .  
One might speculate therefore  that  the test 
may possibly have predictive potential  regard-  
ing the likehood of present  or fu ture  overt  
illness in some subjects. I t  should be pointed 
out, however, that  such predict ion is not pos- 
sible when either the subjective or objective 
drug  response is taken alone, since neither of 
these show by themselves the above cited cor- 
relation. The subjective response per  se, how- 
ever, correlated with a positive family  history 
of psychiatr ic  disorders. 
The search for  factors which relate to the 
occurrence of the spike-wave response or other 
abnormali t ies in the E E G  as a result  of Me- 
trazol adminis t ra t ion was not too rewarding.  
Correlation was obtained between the objec- 
tive Metrazol response and the rest ing EEG,  
and the hypervent i la t ion response;  however, 
this relationship was well known in the past. 
In  addit ion only one new correlation was 
found which is at f irst  glance somewhat dif- 
ficult to evaluate. This is the fact  that  8 of l 0 
subjects with spike-wave responses did not 
reg'ard themselves as " g e t t i n g  anxious easi ly" .  
Although the neurophysiological principles in- 
volved in this f inding are unknown at the 
present,  it might  shed some light on certain 
observations repor ted  in the l i terature.  Gas- 
taut  (1950) repor ted  low thresholds in hys- 
terical and schizophrenic patients. The "bel le  
ind i f fe rence"  of the hysterical  and the " f l a t  
a f f e c t "  of the schizophrenic pat ient  are 
classical diagnostic landmarks  in the two 
conditions. These pat ients  are in general not 
anxious. Another  group of psychiatr ic  pa- 
tients, who are as a rule ra ther  anxious, how- 
ever, namely the psychoneurotic group, have 
according" to Kershman  (1951) higher thresh- 
olds for Metrazol responses. Kershman re- 
ported likewise a drop in the Metrazol thresh- 
old of schizophrenic pat ients  a f ter  leucotomy, 
a procedure which is well-known to decrease 
anxiety in the patient.  In  these instances the 
fact  of operat ive t r auma  would of course have 
to be considered also as a contr ibuting factor  
in the lowering of the threshold. 
While most of the informat ion in this re- 
port  is of a statistical nature,  it is also im- 
por tan t  to look at the individuals themselves 
who give an extremely positive response to the 
drug  in the form of a eonwdsive seizure. The 
subject who had a seizure with 250 rag. of 
the drug' (4.0 mg /kg . )  had fainted twice re- 
cently for no apparen t  reason and there is 
therefore the possibility that  these fa int ing 
spells might have been on the basis of a con- 
vulsive disorder. The other subject who had 
a generalized seizure at a 550 rag. level (6.7 
mg. /kg . )  was an adopted chiht and there 
is no information available about possible con- 
wdsive disorders in his g'enetic parents.  
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The meager  correlation of the spike-wave 
response with other variables indicates that  
the most impor tan t  factors  have not been 
sampled. Fa in t ing  did not correlate statis- 
tically, but  of 7 subjects who had fainted, 
3 showed spike-wave responses while 3 others 
developed grade 4 subjective responses. This 
would tend to corroborate the clinical impres- 
sion that  at least two di f ferent  types of 
pathophysiological  mechanisms are involved 
in the product ion of this symptom in different  
individuals. 
I t  was somewhat surpr is ing to see the 
large propor t ion  of "psych ia t r i ca l ly  t i n g e d "  
subjects in this group, and this raises the 
serious question of a bias in the sampled 
group. I t  could be introduced by  the pos- 
sibility that  largely those individuals would 
volunteer  for  a s tudy  of this sort who are 
interested for personal  reasons to learn more 
about themselves. This bias, if it indeed exists, 
is not easily overcome and will be inherent  in 
any volunteer  group, however rigid the screen- 
ing precautions may  be. Screening subjects to 
meet " s t r i c t  cri teria of n o r m a l i t y "  as re- 
ported in the Moore, Kellaway,  and Kagawa 
report ,  is pract ical ly  impossible, since it is 
easier for a subject to deny any  of the symp- 
toms which were mentioned here than to admit  
to them. I t  was felt, however, that  some 
a t tempt  should be made to f ind out how 
representat ive the group tested in this s tudy 
was for the average college population.  For  
this reason the same questionnaire which had 
been filled out by the test group was sent to 
a (:ompletely random ~'selection of students 
with an explanatory  let ter  asking them to 
answer all questions as t ru th fu l ly  as possible 
and not to sign the questionnaire. The random 
selection was accomplished by picking names 
alphabetical ly f rom the student  register. The 
first  two and last two persons of each letter 
of the alphabet  were considered. Students  
above 30 years  of age were subsequently 
eliminated. Eighty- two questionnaires were 
sent out. F i f ty-e ight  students re turned  the 
questionnaire p roper ly  filled in, two sent it 
back blank, and three students were not lo- 
cated at the address given. The f i rs t  40 ques- 
t ionnaires which were re turned  were regarded 
as the comparable sample. The mean symp- 
tom-index in the test group had been 1.7 and 
in the let ter  group 1.4. In  the test group there 
were 17 subjects who had considered psy- 
chiatric help, in the letter group 13. A 
positive family  his tory was present  in at least 
7 and possibly 10 instances in the test o'roup 
and in 7 instances in the letter group. There 
is thus some evidence of a bias toward more 
symptoms in the test group, but it is not as 
large as one might  have anticipated. A criti- 
cism might  of course again be leveled against  
the results obtained by letter since there was 
not 100 per  cent r e tu rn  of letters, and it is 
possible that  those students who did not an- 
swer the let ter  might  have the lowest symp- 
tom-index. I t  is, however, somewhat unlikely 
that  students who do not even care to fill in 
a questionnaire and mail it in a self-addressed 
envelope would be the ones who would vo- 
lunteer for experiments  on themselves. 
The high percentage of subjects in the test 
and letter group, 40.2 per  cent and 32.5 per  
cent respectively, who had considered obtain- 
ing psychiatr ic  help is interesting in relation 
to other studies about the incidence and dis- 
t r ibut ion of psychiatr ic  symptoms in the 
general population. A s tudy of this sort was 
carr ied out in a small New England  town by 
Leighton (1956), and it was observed that  
37 per  cent of the sample were found to have 
a psychiatr ic  illness. A similar conclusion was 
arr ived at by Cole et al. (1957), who repor ted 
recently that  a survey of eight city blocks in 
Salt Lake City, Utah, revealed that  roughly 
one-third of the adult  populat ion sampled 
seemed to have some kind of specific mental  
illness, while about one-half of the families 
sampled contained at least one mental ly  
ill person. These figures underscore quite 
markedly  the problem one has to meet in 
evaluat ing the " n o r m a l  subjec t" .  This diffi- 
culty increases when one works with a vo- 
lunteer  group of subjects. A s tudy by Lasa- 
gna and yon Felsinger (1954) highlighted 
this si tuation clearly. Of 56 volunteers, 25 
(44.6 per  cent) showed evidence of psy- 
chological maladjus tment ,  i f  one aeeepts a 
positive answer to the question about psy- 
chiatric help as suggestive of psycholoo'ieal 
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malajustment, our f inding of 40.2 per cent is 
quite similar. These observations suggest that  
if a finding which one would ordinari ly expect 
in a patient only is encountered in an E E G  
tracing spontaneously or as a result of 5Ie- 
trazol in a "no rma l  subject" ,  it should not 
simply be disregarded as a false positive ob- 
servation. On the contrary,  an effort  should 
he made to uncover the reasons for the positive 
response. I f  no overt ncuropsychiatrie illness 
were to be found, it would probably be more 
advisable to regard this individual as " a t  
present asymptomat ic"  rather than simply 
" n o r m a l " .  Since it is known that genetic 
factors play an important  par t  in E E G  
findings these individuals might conceivably 
transmit their abnormalities to their off- 
springs, and some sudden occurrences of con- 
vulsive disorders or mental illnesses in seem- 
ingly healthy families might be accounted 
for in this way. This problem deserves fur ther  
investigation. 
The electroeneephalographer is still con- 
fronted, however, with the problem of how to 
interpret  the occurrence of spike-wave re- 
sponses, or even of a grand real seizure which 
is non-focal in its onset, at low levels of 5Ic- 
trazol in a patient who is sent for diagnostic 
evaluation of his spells. I t  would seem jus- 
tified to state in these instances in the report  
to the clinician that the patient has shown 
cvidence suggestive of a "convulsive ten- 
dency"  in his electroencephalogram, but a 
definitive diagnosis of convulsive disorder 
should still be made on clinical grounds. 
Focal attacks, either grand maI seizures 
with focal onset or focal motor or sensory 
seizures as well as temporal lobe seizures, 
have not occurred in control populations, 
either in this investigation or in any report  
in the literature. There has likewise been no 
report  in the li terature about the occurrence 
of 3 per see. classical spike-wave patterns in 
normal controls, and these pat terns were not 
encountered in this investigation. This again 
emphasizes that the classical 3 per see. spike- 
wave pat tern and the atypical spike-wave pat- 
terns which occur spontaneously, with hyper- 
ventilation or photic stimulation in some pa- 
tients, or with Metrazol, should be held dis- 
t inctly separate. Nor these reasons classical 
3 per see. spike-wave diseharges associated 
with a change in the level of consciousness 
of the patient or focal attacks - -  if they are 
identical with tile pat ients '  spontaneous 
seizures - -  may be taken as ~-onelusive ev- 
idence for the presence of a ¢'onvulsive dis- 
order when induced by Metrazol. 
SUSII~IARY 
The Metrazol tolerance of 40 normal vo- 
lunteer subjects was investigated, tolerance 
was defined as that amount of Mctrazol in 
mg./kg, at which the slow i.v. administration 
of the drug  had to be stopped because of mark- 
ed E E G  changes, or on account of too marked 
subjective discomfort. In  some instances 
500 rag. was arbi trar i ly chosen as the cut-off 
l)oint. The responses were graded on a 1-4 
scale and correlated with symptoms reported 
in the subject 's history and with certain 
personality attributes of the individual. 
Statistically significant correlations were 
obtained between the l\'Ietrazol tolerance, the 
past history of the individual, and his interest 
in seeino' a psychiatrist for therapeutic rea- 
sons. E E G  changes as a result of Metrazol ad- 
milfistration correlated with the state of the 
resting EEG, the hypervcntilation response, 
and the individual 's  appraisal of himself as 
not getting anxious easily. Low tolerance be- 
cause of marked subjective symptoms during 
the test correlated with a family history of 
psychiatric disorders and the subject 's ap- 
praisal of himself as being outwardly cahn 
with inner turmoil. 
[t is concluded that abnormal findings in 
normal vohmteers shouht not be dismissed as 
"false posi t ive" results, but as possible indi- 
cations of overt ncuropsyehiatric illness. I f  
careful evaluation fails to reveal conclusive 
evidence, it might be more appropriate to re- 
gard the subject as " a t  present asympto- 
mat ic"  rather than simply " n o r m a l " .  
R~SUM~:; 
La tolerance de 40 volontaires normaux 
envers le M6trazol (eardiazol) a ~t~ ~tndi~, la 
tolgrance ~tant d~finie par ]a dose de lV[6trazol 
en mg./kg, fi laquelle l ' injection lente par 
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vole intraveineuse a dfi ?~tre abandonn6e en 
raison des al%rations E E G  marquees ou paree 
que les sensations subjeetives du sujet  reee- 
vant  l ' in jeet ion devenaient  t rop d6sagr~able 
pour  permet t re  la continuation du proe~d& 
Dans quelques instances une dose de 500 rag. 
a ~t~ ehoisie a rb i t ra i rement  eomme point au- 
quel l ' in jeet ion ~tait arr~t4e. Les r@onses ont 
(~t~ gradu~es selon une ~ehelle de 1 'a 4 et raises 
en eorr61ation avee des sympt6mes relev~s 
dans l 'histoire du malade et avee eertains 
trai ts  de la personnalit~ du sujet  examin& 
Des correlations signifieatives au point  de 
wte statistique ont ~t~ obtenues entre le niveau 
de tol&anee envers le M~trazol, l 'histoire de 
l ' indiv idn et son int~r~t de consulter un psy- 
ehiatre pour  des raisons th~rapeutiques. Les 
a l t&at ions  61eetroene~phalographiques r&ul-  
tants  de l ' adminis t ra t ion  de M~trazol 6talent 
en eorr61ation avee les eharaet6ristiques de 
I ' E E G  de repos, le type  de r~ponse a l 'hy-  
perventi lat ion et le jugement  introspeetif  du 
sujet  qui se eonsid~rait eomme n ' @ r o u v a n t  
pas faeilement de l 'anxiSt& Un niveau de 
tolerance bas mis en ~videnee pa r  des symp- 
tgmes subjeetifs marqu i s  pendant  l ' in jeet ion 
du M~trazol ~tait en correlation &roite avee 
des ant&~dents  famil iaux psyehiatr iques et 
avee le jugement  introspeet if  du sujet  qui d4- 
elarait  ~tre un individu ayant  un eomporte- 
ment  ext~rieur eahne, quoique &ant  int6rieu- 
rement  tourment~. 
I1 est eonelu que des r~sultats anormaux 
obtenus ehez des volontaires normaux ne de- 
vraient  pas ~tre s implement rejet~s eomme 
<< r&ul ta ts  fanssement  positifs >>, mais eomme 
indiquant  peut-gtre la presence de troubles 
neuropsyehiatr iques manifestes. Si des re- 
eherehes soigneuses ne r~v~lent aueune ~vi- 
denee eoneluante h eet effet, il est peut-~tre 
plus p ruden t  de eonsid~rer le sujet  eomme 
~tant << asymptomat iqne  pour  le present  >> 
plutSt que de s implement  le eonsid~rer eomme 
6tant << normal  >>. 
ZUSAMMENFASSUNG 
40 normale freiwillige Versuchspersonen 
wurden in Bezng auf  ihre Cardiazoltoleranz 
untersueht.  Die Toleranz wurde hier definiert  
als jene Menge Cardiazols, in mg /kg ,  bei 
weleher die langsame intravenSse Verabrei-  
chung des Medikaments,  entweder wegen 
defini t iver E E G  Ver~inderungen oder wegen 
zu s tarker  subjekt iver  Besehwerden, beendet 
werden musste. In  einigen Faellen wurde 
die Gesamtdosis willkfirlieh auf  500 mg be- 
sehr~tnkt. Die E E G  Befunde und subjektiven 
Erseheinungen wurden naeh d n e r  Skala yon 
1-4 bewertet  und mit Anamnese und gewissen 
PersSnliehkeitseharakterist ika der Versm:hs- 
person in Korrelat ion gesetzt. 
Cardiazoltoleranz, Anamnese und der 
Wunseh der Versuehsperson einen Psyehiater  
aus therapeut isehen Gruenden zn sehen, zeig- 
ten statistiseh bedeutungsvolle Korrelationen.  
E E G  \rerf inderungen auf  Grund der Cardia- 
zolverabreiehung wareu im Einklang sowohl 
nfit dem Befund im R u h e - E E G  nnd Hyper -  
venti lat ionsversueh als aueh mit dent subjek- 
tiven E indruek  der Versuehsperson nieht 
leieht ~ngstlieh zu werden. Versnehspersonen 
mit niedriger Toleranz auf  Grund s tarker  
subjekt iver  Besehwerden w[ihrend des Car- 
diazolversuehs hat ten vie]faeh eine positive 
Famil ienanamnese in Bezug auf  psyehia- 
trisehe E rk rankungen  und betraehteten sieh 
als ~iusserlieh ruhig aber innerlieh s tark 
erregt. 
Der Verfasser  ist der Ansieht, dass abnor- 
male Befnnde bei normalen Versuehspersonen 
nieht unbedingt  lediglieh als " f a l s eh  pos i t ive"  
Resultate yon der H a n d  gewiesen werden 
kSnnen, sondern viehnehr als eine Indikat ion 
auf  das eventuelle Vorliegen einer neuro- 
psyehiatr isehen E r k r a n k u n g  betraehtet  wer- 
den sollten. Falls diese E r k r a n k u n g  naeh 
griindlieher kliniseher Untersuehun~. nieht 
feststellbar ist, w~ire es wahrseheinlieh eher 
angezeigt, wenn man die betreffende Person 
als "gegenwiirtig asymptoma t i s eh"  betraeh- 
ten wiirde, denn als einfaeh " n o r m a l " .  
The author would like to express his great ap- 
preciation to Mrs. Lillian Kelly for the statistical 
evaluation of thc data. 
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